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A b s t r a c t  

During t h e  l a s t  week of September 1966 t h e  h e l i o c e n t r i c  o r b i t i n g  

s p a c e c r a f t  P ionee r  7 was behind the  e a r t h  i n  a p o s i t i o n  t o  observe 

t h e  geomagnetic t a i l  between 900-1050 R E .  
28 and Exp lo re r  3 3  were moni tor ing  t h e  i n t e r p l a n e t a r y  medium and 

t h e  magnetosheath nea r  t h e  e a r t h .  Comparison of t h e s e  s imul taneous  

magnetic f i e l d  measurements p e r m i t s  t h e  i s o l a t i o n  of  i n t e r v a l s  when 

P ionee r  7 i s  obse rv ing  s t e a d y ,  enhanced-magnitude s o l a r  o r  a n t i -  

s o l a r  d i r e c t e d  f i e l d s  c h a r a c t e r i s t i c  of  t h e  extended geomagnetic 

t a i l  which a r e  d i f f e r e n t  from the  i n t e r p l a n e t a r y  f i e l d s  convec t ing  

p a s t  t h e  o t h e r  two s p a c e c r a f t .  The occur rence  of approximate ly  10 

i n t e r v a l s  of t a i l  o b s e r v a t i o n  of d u r a t i o n  from a few minutes  t o  

s e v e r a l  hours i s  i n t e r p r e t e d  as a sweeping of the  t a i l  a c r o s s  t h e  

s p a c e c r a f t  a s  t h e  t a i l  responds t o  v a r i a t i o n s  i n  t h e  d i r e c t i o n  of 

plasma flow. Discont inuous  f e a t u r e s  i n  t h e  i n t e r p l a n e t a r y  magnetic 

f i e l d  a r e  a l s o  found t o  convect p a s t  t h e  t h r e e  s p a c e c r a f t  w i t h  

v e l o c i t i e s  which compare w e l l  w i t h  i n t e r p l a n e t a r y  s o l a r  wind 

v e l o c i t i e s  measured by t h e  Vela s a t e l l i t e s  a t  t h e  same t i m e .  F i e l d  

magnitudes nea r  t h e  t a i l  a t  1000 are found t o  be weaker than  

t h e  cor responding  i n t e r p l a n e t a r y  f i e l d  as is p r e d i c t e d  by the  

magnetogasdynamic theo ry .  

A t  t h e  same t i m e  Exp lo re r  



Io I n t r o d u c t i o n  

The i n t e r p l a n e t a r y  probe P ioneer  7 was launched on August 1 7 ,  

1966, i n  a t r a j e c t o r y  which brought t h e  s p a c e c r a f t  i n t o  t h e  r e g i o n  

n e a r  the e a r t h - s u n - l i n e  almost 1000 RE ( e a r t h  r a d i i )  behind t h e  

e a r t h  d u r i n g  t h e  l a s t  week of September 1966. P i o n e e r  7 was then 

i n  a p o s i t i o n  t o  s e a r c h  f o r  t h e  p o s s i b l e  e x i s t e n c e  of t h e  geomagnetic 

t a i l  o r  o t h e r  e f f e c t s  a s s o c i a t e d  wi th  t h e  i n t e r a c t i o n  of t h e  s o l a r  

wind plasma w i t h  t h e  geomagnetic f i e l d .  

The e a r t h ' s  magnetic t a i l  (Ness,  1965) had p r e v i o u s l y  been 

% shown t o  e x h i b i t  we l l -de f ined  s t r u c t u r e  a t  d i s t a n c e s  up t o  80 

behind t h e  e a r t h  w i t h  t h e  Explorer 33 s p a c e c r a f t  (Ness e t  ~ l . ,  

1967; Behannon, 1968; Mihalov e t  a l . ,  1968) ,  b u t  no evidenc? f a r  

t h e  t a i l  w a s  found a t  3300 R by Mariner 4 (Van A l l e n ,  1965).  I n  

a p rev ious  a n a l y s i s  o f  P ionee r  7 magnetometer d a t a  i n  t h i s  r e g i o n  

behind t h e  e a r t h ,  Ness e t  a l .  (1967b) noted s e v e r a l  i n t e r v a l s  when 

t h e  magnetic f i e l d  assumed t h e  t y p i c a l  t a i l - l i k e  s o l a r  o r  a n t i -  

s o l a r  o r i e n t a t i o n  and enhanced , s t e a d y  magnitudes f o r  b r i e f  

i n t e r v a l s  of t h e  o r d e r  of an hour ' s  d u r a t i o n .  These a u t h o r s  

i n t e r p r e t e d  the  d a t a  a s  t h e  probable  o b s e r v a t i o n  of the 

t a i l ,  b u t  t h e  s h o r t  d u r a t i o n  and i n f r e q u e n t  occur rence  of t h e  

i . n t e r v a l s  were i n  c o n t r a s t  t o  t h e  much longer  t ime i n v a r i a n t  

o b s e r v a t i o n s  made n e a r e r  t h e  e a r t h .  These a u t h o r s  po in t ed  ou t  

t h a t  t h e  observed  non- rad ia l  flow of  t h e  s o l a r  wind ( S t r o n g ,  1968; 

Wolfe e t  a l , ,  1966) of up t o  5' t o  10 would produce cor responding  
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changes i n  t h e  t a i l  o r i e n t a t i o n  and p o s s i b l e  sweeping of t h e  t a i l  

a c r o s s  t h e  s p a c e c r a f t .  A l t e r n a t i v e l y ,  they sugges ted  a more time 

i n v a r i a n t  f i l a m e n t a r y  t a i l  as a p o s s i b l e  e x p l a n a t i o n  f o r  t h e  

measurements. 

Plasma d a t a  from P ionee r  7 (Wolfe e t  a l . ,  1967) r e v e a l e d  

i n t e r m i t t e n t  i n t e r v a l s  of anomalous plasma s p e c t r a  and o c c a s i o n a l  

d i sappearance  of  t h e  plasma d u r i n g  t h e  pe r iod  t h a t  t h e  s p a c e c r a f t  

was behind t h e  e a r t h .  These phenomena were a t t r i b u t e d  t o  t h e  s o l a r  

wind geomagnetic i n t e r a c t i o n  e f f e c t s ,  b u t  aga in  t h e  absence of 

longer  i n t e r v a l s  w i t h  no d e t e c t a b l e  plasma was i n  c o n t r a s t  w i t h  t h e  presence  of 

l onge r  i n t e r v a l s  w i thou t  plasma i n  t h e  t a i l  near  t h e  e a r t h .  These 

a u t h o r s  suggested t h e  term "wake" a s  d e s c r i p t i v e  o f  an i n t e r a c t i o n  

e f f e c t  wi thout  a c l e a r ,  wel l -deve loped ,  t i m e - i n v a r i a n t  t a i l .  

Comparison of  s imul taneous  measurements by o t h e r  exper iments  

and o t h e r  s p a c e c r a f t  f u r n i s h e s  a d d i t i o n a l  i n fo rma t ion  concern ing  

the  s t r u c t u r e  of t h e  t a i l  a t  1000 RE.  The pr imary  d i f f i c u l t y  i n  

independent ly  i n t e r p r e t i n g  t h e  P i o n e e r  7 magnetic f i e l d  o b s e r v a t i o n s  

i s  i n  knowing which f e a t u r e s  a r e  a s s o c i a t e d  w i t h  t h e  e a r t h  and which 

a r e  a s s o c i a t e d  w i t h  t h e  i n t e r p l a n e t a r y  f i e l d s  be ing  convected away 

from t h e  s u n ,  Although t h e  average  i n t e r p l a n e t a r y  f i e l d  makes an 

angle  of 45 w i t h  the  t a i l - l i k e  s o l a r  or  a n t i - s o l a r  o r i e n t a t i o n s ,  I 

l a r g e  v a r i a t i o n s  from t h e  average  d i r e c t i o n  a r e  f r e q u e n t  and t h e  

p o s s i b i l i t y  of i n t e r p r e t i n g  i n t e r p l a n e t a r y  d a t a  as geomagnetic 

t a i l  d a t a  e x i s t s .  

compare t h e  P ionee r  7 r e s u l t s  w i t h  s imul taneous  i n t e r p l a n e t a r y  

0 

One method of overcoming t h i s  d i f f i c u l t y  is to 
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magnet ic  f i e l d  measurements from a second s p a c e c r a f t .  Th i s  i s  

t h e  approach used i n  t h e  p r e s e n t  paper where bo th  i n t e r p l a n e t a r y  

and magnetosheath d a t a  from t h e  g e o c e n t r i c  s p a c e c r a f t  Exp lo re r  

28 (IMP3) and Exp lo re r  33 (IMP D) a r e  a v a i l a b l e  f o r  comparison 

w i t h  t h a t  of  P ionee r  7 .  

The t r a j e c t o r i e s  of t h e  t h r e e  s p a c e c r a f t  f o r  f o u r  days of 

Septemberare p re sen ted  i n  F igure  1. The top p o r t i o n  of F i g u r e  1 

shows t h e  o r b i t  p r o j e c t e d  on t h e  s o l a r  e c l i p t i c  XY p lane  and t h e  

lower p o r t i o n  shows t h e  view on t h e  XZ p l a n e .  Exp lo re r  2 8  

( launched  May 29 , 1965, apogee ~ 3 7  R E ,  Pe r iod  ~6 days)  i s  n e a r  

t h e  e a r t h - s u n - l i n e  on t h e  sunward s i d e  of  t h e  e a r t h .  I n  t h e  

d a t a  t o  be p re sen ted  below, Exp lo re r  28 w a s  always l o c a t e d  i n  

t h e  i n t e r p l a n e t a r y  medium. Exp lo re r  33 ( launched  J u l y  1 , 1966, 

w i t h  apogee x80 R E ,  pe r iod  NN 2 weeks) w a s  near  apogee b u t  i n  t h e  

magnetosheath,  approximately 60 RE behind t h e  e a r t h  d u r i n g  t h e  f o u r  

day  i n t e r v a l  September 26-29, 1966. The numbered d o t s  on t h e  

t r a j e c t o r i e s  i n  F i g u r e  1 deno te  t h e  beginning  t imes of t h e  days of 

September. The P ionee r  7 t r a j e c t o r y  a t  900-1000 i s  shown f o r  

i n t e r v a l s  when probable  e a r t h - a s s o c i a t e d  e f f e c t s  were seen ( s e e  

n e x t  s e c t i o n ) .  A t h e o r e t i c a l  t a i l  w i t h  a d i ame te r  of 40 RE has 

been drawn i n  F igu re  1 a t  an a b e r r a t i o n  ang le  of 5 . Note t h a t  t h s  

P i o n e e r  7 d i s t a n c e  above t h e  e c l i p t i c  p l a n e  of 26 R p u t s  the  

s p a c e c r a f t  j u s t  o u t s i d e  of  t h i s  average  t h e o r e t i c a l  t a i l  r e g i o n .  

Exp lo re r  28  c a r r i e d  two monoaxial f l u x g a t e  magnetometers of 

0 
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t h e  type flown on IMP'S 1 and 2 (Ness e t  a l . ,  1964; F a i r f i e l d  and 
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Ness,  1967) which were des igned  t o  independent ly  measure t h e  v e c t o r  

f i e l d  a t  40.95 second i n t e r v a l s .  A measurement should  then  have been 

ob ta ined  every  20.5 seconds however, one of t h e s e  magnetometers f a i l e d  

t o  o p e r a t e  on Exp lo re r  28  and consequent ly  a f i e l d  measurement i s  

ob ta ined  every 40.95 seconds.  A t r i a x i a l  f l u x g a t e  magnetometer on 

Exp lo re r  33 made v e c t o r  measurements e v e r y  5.119 seconds (Behannon, 

1968) and a monoaxial  f l u x g a t e  on P ioneer  7 produced a v e c t o r  measure- 

ment approximately every  1 . 3  seconds .  
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11. R e s u l t s  

Simultaneous d a t a  from t h e  t h r e e  s p a c e c r a f t  on September 26-29 

a r e  p r e s e n t e d  i n  F i g u r e s  2-5. The f i e l d  magnitudes F ,  s o l a r  e c l i p t i c  

l a t i t u d e s  a n g l e  8 and long i tude  0 a r e  grouped t o g e t h e r  w i th  t h e  

numbers 7 ,  33 ,  and 2 8  r e f e r r i n g  t o  P ionee r  7 ,  Exp lo re r  33 and E x p l o r e r  

28 r e s p e c t i v e l y .  I n d i v i d u a l  40-second d a t a  p o i n t s  have been p l o t t e d  

f o r  Exp lo re r  28  and 80 second and 30-second ave rages  have been p l o t t e d  

f o r  Exp lo re r  33 and Pioneer  7 r e s p e c t i v e l y .  A t i m e  s c a l e  i n  hour s  UT 

i s  shown, but  t h e  d a t a  from Exp lo re r  33 and P ionee r  7 have been 

s h i f t e d  t o  t h e  l e f t  t o  a l low f o r  a t i m e  d e l a y  due t o  convec t ion  o f  

t h e  f i e l d s  from one s p a c e c r a f t  t o  the n e x t .  The amount of t h e  t i m e  

s h i f t  h a s  been chosen t o  ach ieve  t h e  b e s t  correspondence o f  d i scon-  

t i n u i t i e s  (Burlaga,  1967) observed a t  t h e  t h r e e  s p a c e c r a f t .  E x p l o r e r  

33 d a t a  have always been s h i f t e d  25 minutes  and P ionee r  7 d a t a  have 

been s h i f t e d  4:15, 4:05, 3:15, 3 : O O  i n  F i g u r e s  2-5 r e s p e c t i v e l y .  

Magnet i c  F i e  Id  Convect i o n  

S i m i l a r i t y  o f  t h e  f i e l d s  measured a t  t h e  t h r e e  s p a c e c r a f t  can  

b e s t  be seen  i n  F igu re  4 .  Many l a r g e  v a r i a t i o n s  i n  t h e  l a t i t u d e  

a n g l e  8 a r e  p r e s e n t  on t h i s  day and a l l  of t h e  f e a t u r e s  o c c u r r i n g  on 

a t i m e  s c a l e  g r e a t e r  than 30 minutes appear  a t  a l l  t h r e e  s p a c e c r a f t .  

The l o n g i t u d e  angles,  @ , a l s o  ag ree  v e r y  w e l l ,  a l t hough  it  should be 

p o i n t e d  o u t  t h a t  a s  t h e  l a t i t u d e  a n g l e  approaches 90° the  az imutha l  

a n g l e  0 becomes less s i g n i f i c a n t .  Even f e a t u r e s  such a s  those  a t  

4:15 and 20:lO i n  F igu re  3 which occur  on a time s c a l e  o f  a few 

minu tes  can  o f t e n  be t e n t a t i v e l y  a s s o c i a t e d  a t  t h e  t h r e e  s p a c e c r a f t .  
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T h i s  agreement of  e v e n t s  a t  two s p a c e c r a f t  had p r e v i o u s l y  been 

no ted  f o r  l a r g e  s c a l e  f e a t u r e s  a t  d i f f e r e n t  h e l i o c e n t r i c  l o n g i t u d e s  

(Ness ,  1966) and f o r  sma l l  s c a l e  f e a t u r e s  w i t h  s m a l l e r  s a t e l l i t e  

s e p a r a t i o n  d i s t a n c e s  ( F a i r f i e l d ,  1967) .  The o b s e r v a t i o n s  p r e s e n t e d  

h e r e  extend t h e s e  r e s u l t s  t o  s m a l l e r  s c a l e  e v e n t s  a t  l a r g e  s e p a r a t i o n  

d i s t a n c e s .  

Delay t imes  c a l c u l a t e d  from t h e  a r r i v a l  of  d i s c o n t i n u i t i e s  a t  

t h e  nea r  e a r t h  s p a c e c r a f t  and a t  P ioneer  7 can  be c a l c u l a t e d  from 

t h i s  s imultaneous d a t a .  The s a t e l l i t e  s e p a r a t i o n  d i s t a n c e s  a r e  

a c c u r a t e l y  known and a v e l o c i t y  nt can  be computed from t h e  measure- AX 

ments .  (AX = t h e  X component s a t e l l i t e  s e p a r a t i o n  d i s t a n c e  and A t  = 

t h e  d e l a y  t ime) .  S ince  a l l  s p a c e c r a f t  a r e  nea r  t h e  e a r t h  sun l i n e ,  

approximately the  same e lement  of  plasma passes  ove r  a l l  s p a c e c r a f t  

and t h e  s p a c i a l  o r i e n t a t i o n  of  a s u r f a c e  a t  d i s c o n t i n u i t y  ( F a i r f i e l d  

1967) does n o t  a f f e c t  t h e  r e s u l t .  The v e l o c i t y  h a s  been c a l c u l a t e d  

f o r  numerous d i s c o n t i n u i t i e s  i n  t h e  i n t e r v a l  September 26-29, and t h e  

r e s u l t s  a r e  p l o t t e d  i n  F igu re  6 .  The s o l i d  c i r c l e s  r e p r e s e n t  v e l o c -  

i t i e s  c a l c u l a t e d  from Exp lo re r  28 - Pionee r  7 o b s e r v a t i o n s  and t h e  

open c i r c l e s  i n d i c a t e  t h e  r e s u l t s  from E x p l o r e r  33 - Pionee r  7 d a t a .  

Independent measurements from t h e  Vela 3 plasma probe (E. W .  Hones, 

p r i v a t e  communication) a r e  d e s i g n a t e d  by c r o s s e s .  These p r e l i m i n a r y  

Vela va lues  a r e  t h e  v e l o c i t y  e q u i v a l e n t s  o f  t h e  peak-coun t ing - ra t e  

energy  channels  and they  w i l l  probably ag ree  w i t 1 1  more r e f i n e d  v a l u e s  

w i t h i n  10 Km/sec. A sudden commencement s torm a t  15:30 011 September 2 7  

was fol lowed by t h e  v e l o c i t y  i n c r e a s e  appa ren t  i n  F i g u r e  6 which i s  

r e s p o n s i b l e  f o r  t h e  p r o g r e s s i v e l y  d e c r e a s i n g  Pioneer  7 t i m e  
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s h i f t s  i n  F igu res  2 -5 .  The good agreement between t h e  F igu re  6 

v e l o c i t i e s  ob ta ined  i n  t h e s e  d i f f e r e n t  ways conf i rms  t h e  concept  t h a t  

i n t e r p l a n e t a r y  f i e l d s  f rozen  i n  the  s o l a r  wind a r e  convected outward 

from the  sun.  

Another i n t e r e s t i n g  phenomena which can be n o t i c e d  i n  F i g u r e s  

2-5  i s  the  r e l a t i o n s h i p  between the  f i e l d  magnitude observed i n  

i n t e r p l a n e t a r y  space  and t h a t  i n  t h e  r e g i o n  n e a r  t h e  geomagnetic t a i l  

a t  1000 R E .  Except when Pioneer  7 i s  obse rv ing  t a i l - r e l a t e d  e f f e c t s ,  

t h e  f i e l d  magnitude a t  P ioneer  7 i s  c o n s i s t e n t l y  1-4y less than  t h e  

und i s tu rbed  i n t e r p l a n e t a r y  f i e l d  a t  Exp lo re r  33. The d i f f e r e n c e  

occur s  f o r  v a r i o u s  f i e l d  o r i e n t a t i o n s  and ,  t h e r e f o r e ,  can no t  be an 

i n s t r u m e n t a l  e f f e c t  due t o  e r roneous  z e r o  l e v e l s  o f  t h e  magnetometer 

sensors. This r e s u l t  i s  i n  agreement wi th  t h e  t h e o r e t i c a l  magneto- 

gasdynamic r e s u l t s  of Dryer and Heckman (1967) and Alksne (1967) who 

p r e d i c t  magnetosheath f i e l d s  lower t h a n  t h e  i n t e r p l a n e t a r y  f i e l d s  i n  

a r e g i o n  n e a r  t h e  geomagnetic t a i l ,  p a r t i c u l a r i l y  a t  l a r g e  nega t ive  

XSE p o s i t i o n s .  

Geoma gne t i c  Ta i 1 Ob se rva  t i o n s  

The one i n t e r v a l  of disagreement  among t h e  t h r e e  s p a c e c r a f t  i n  

F i g u r e  4 occur s  from 16:15 - 17:OO when Explorer  3 3  b r i e f l y  e n t e r s  

t h e  geomagnetic t a i l  and assumes t h e  h igh  magnitude and a n t i - s o l a r  

d i r e c t i o n  c h a r a c t e r i s t i c  o f  t h e  sou the rn  hemisphere of t h e  t a i l .  

T h i s  i l l u s t r a t e s  t h e  type  of e f f e c t  one would hope t o  see  i f  P ioneer  

7 e n t e r e d  the  t a i l  a t  1000 RE. No such e f f e c t s  tire s e e n  a t  Pioneer  

7 i n  F igure  4 ,  b u t  t1ic.y arc found in  Vip,tir(as 2 ,  and 5 a t  t i m e s  

i n d i c a t e d  by da rk  l i n e s  above the P ioneer  7 t h e t a  t r a c e .  
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The most prominent example of  P ioneer  7 o b s e r v a t i o n s  of geo- 

magnetic t a i l  e f f e c t s  can be seen  i n  F igu re  3 from 13:OO - 1 4 : O O  

Explorer  28 UT on September 27. 

o r i e n t e d  i n  t h e  a n t i - s o l a r  d i r e c t i o n ,  and i t s  magnitude i s  twice t h e  

va lue  of  the i n t e r p l a n e t a r y  f i e l d .  This o b s e r v a t i o n  of  sou the rn  

hemisphere f i e l d  l i n e s  r e q u i r e s  t h a t  t h e  t a i l  be t i l t e d  upward so  

t h a t  i t  i n t e r s e c t s  t h e  n o r t h e r l y  p o s i t i o n  o f  t h e  s p a c e c r a f t .  A 

northward va lue  o f  8 a t  P ioneer  7 a t  t h i s  t i m e  o f  approximate ly  6 O  

i s  c o n s i s t e n t  w i th  t h i s  i n t e r p r e t a t i o n .  I n  t h e  s e v e r a l  hours  p re -  

ceed ing  13:OO Explo re r  28 UT on t h i s  day ,  t h e r e  a r e  o t h e r  occas ions  

when t h e  f i e l d  i s  o r i e n t e d  a t  8 = 180' o r  360'. 

between these  opposing o r i e n t a t i o n s  ( p a r t i c u l a r l y  11:50, 12:15 and 

1 2 : 3 0 )  a r e  s i m i l a r  t o  n e u t r a l  s h e e t  c r o s s i n g s  commonly observed 

n e a r e r  t o  the  e a r t h  when t h e  s p a c e c r a f t  p a s s e s  through t h e  p o i n t  

which d i v i d e s  t h e  l i n e s  o r i g i n a t i n g  i n  t h e  n o r t h e r n  and sou the rn  

hemispheres .  This example t h e n ,  sugges t s  t h a t  a n e u t r a l  s h e e t  may 

s t i l l  e x i s t  a t  1000 RE, a s  was p o i n t e d  o u t  by Ness e t  a l .  (1967) who 

d i s c u s s e d  t h i s  p a r t i c u l a r  e v e n t .  O r i e n t a t i o n  o f  t h e  i n t e r p l a n e t a r y  

d a t a  between 1:?:00 and 15:OO on t h i s  day i s  r a t h e r  d i f f e r e n t  from 

t h a t  observed d u r i n g  t h e  remainder  of t h i s  day and t h e  d i r e c t i o n s v a r y  

ove r  a r a t h e r  wide r ange .  Exp lo re r  33 d a t a  on September 27 i s  t aken  

e n t i r e l y  w i t h i n  t h e  magnetosheath and i s  s i m i l a r  t o  t h e  i n t e r p l a n e t a r y  

Exp lo re r  28 d a t a .  

A t  t h i s  t i m e  t h e  f i e l d  i s  ve ry  s t e a d y ,  

The a b r u p t  t r a n s i t i o n s  
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I n  F igu re  2 t h e  changes observed i n  8 and F a t  P ioneer  7 between 

a r e  n o t  seen i n  t h e  i n t e r p l a n e t a r y  medium and probably 5:30 and 6:45 

denote  a n  i n t e r v a l  when Pioneer  moves i n  and ou t  of t h e  lower h a l f  

of t h e  t a i l .  Again from 10:15 t o  11:40 anomalous e f f e c t s  i n  F ,  8 and 

8 a r e  seen  a t  P ioneer  7 .  Although t h e  f i e l d  does n o t  assume so  

p e r f e c t  a t a i l  o r i e n t a t i o n ,  t h e  d i r e c t i o n  i s  nea r  t h e  t a i l  o r i e n t a t i o n  

d u r i n g  s e v e r a l  i n t e r v a l s  between 10:15 and 11:40 and i s  c l e a r l y  d i f -  

f e r e n t  from t h e  i n t e r p l a n e t a r y  f i e l d .  From 12:15 t o  12:40 a n o t h e r  

c l e a r  case  of t a i l - t y p e  o r i e n t a t i o n  w i t h  an enhanced magnitude occur s .  

Again from 13:15 t o  13:30 t h r e e  b r i e f  i n t e r v a l s  of t a i l - t y p e  o r i e n t a t i o n  

occur  which a r e  n o t  r e l a t e d  t o  any cor responding  f e a t u r e s  a t  Exp lo re r  

2 8 .  A f t e r  13:30 t h e r e  i s  ve ry  good correspondence among t h e  t h r e e  

s p a c e c r a f t  i n d i c a t i n g  a n  absence of t a i l  a s s o c i a t e d  e f f e c t s  a t  P ioneer  

7 .  Exp lo re r  33 i s  always w i t h i n  t h e  magnetosheath on t h i s  day .  

F i n a l l y  i n  F igu re  5 ,  t a i l  e f f e c t s  a r e  seen  a t  Pioneer  7 from 

11:50 - 13:OO and d u r i n g  s e v e r a l  i n t e r v a l s  from 1 6 : l O  - 24:OO. A t  

t i m e s  such a s  17:55 - 18:30 when Pioneer  7 i s  b r i e f l y  o u t s i d e  t h e  

t a i l ,  t h e  f i e l d  magnitude i s  s l i g h t l y  reduced .  From 21:30 t o  23:lO 

Pioneer  7 appea r s  t o  b e  p r i m a r i l y  i n  t h e  sou the rn  hemisphere of t h e  

t a i l  and n e a r  t h e  n e u t r a l  s h e e t  where t h e  f i e l d  i s  q u i t e  weak and 

v a r i a b l e .  Exp lo re r  33 i s  i n  t h e  t a i l  on September 29 excep t  f o r  b r i e f  

i n t e r v a l s  which a r e  r e a d i l y  d i s c e r n a b l e  i n  t h e  f i g u r e .  

The i d e n t i f i c a t i o n s  of  t h e  t a i l  c i t e d  above a r e  n o t  a l l  obvious  

n o r  a r c  they  a l l  c e r t a i n ,  bu t  they  do tend  t o  be  suppor ted  by 

c o a r s e  p r e l i m i n a r y  comparison wi th  d a t a  from t h e  MIT plasma exper iment  
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(Laza rus ,  p r i v a t e  communication).  Th i s  comparison shows t h a t  hours  

wi th  anomalous plasma s p e c t r a  g e n e r a l l y  cor respond t o  hours  when t a i l  

e f f e c t s  a r e  observed i n  t h e  magnet ic  f i e l d  d a t a .  

The obse rva t ions  p re sen ted  i n  F i g u r e s  2-5 i n d i c a t e  t h a t  t h e r e  

a r e  numerous and r e l a t i v e l y  b r i e f  i n t e r v a l s  of t i m e  when t a i l - a s s o c i a t e d  

e f f e c t s  a r e  seen  a t  P ioneer  7 .  The new technique  of  comparing mea- 

surements  from s e v e r a l  s a t e l l i t e s  confirms those  c a s e s  c i t e d  by Ness 

e t  a l .  (1967b) and a l lows  t h e  i d e n t i f i c a t i o n  of a d d i t i o n a l  t a i l -  

a s s o c i a t e d  phenomena. This  r e a l i z a t i o n  t h a t  t a i l  phenomena occur  

ellen more f r e q u e n t l y  than  was o r i g i n a l l y  a p p a r e n t ,  r e e n f o r c e s  the  

conc lus ion  of  t h e s e  a u t h o r s  t h a t  t h e  t a i l  i s  e i t h e r  f i l a m e n t a r y  or 

i s  e x h i b i t i n g  c o n s i d e r a b l e  motion.  The f a c t  t h a t  t h e  t a i l  phenomena 

were observed over  a pe r iod  o f  a t  l e a s t  s i x  days i n d i c a t e s  t h a t  t i m e  

v a r i a t i o n s  i n  t h e  t a i l  o r i e n t a t i o n  a r e  impor tan t  a t  l e a s t  on t h i s  t i m e  

s c a l e  of days.  The f a c t  t h a t  t h e  sou the rn  h a l f  of t h e  t a i l  was seen  

about  a s  o f t e n  a s  t h e  n o r t h e r n  h a l f ,  d e s p i t e  t h e  n o r t h e r l y  p o s i t i o n  

of the  s p a c e c r a f t ,  a l s o  i n d i c a t e s  g r e a t  v a r i a b i l i t y  i n  t h e  t a i l  

o r i e n t a t i o n  

A s  summarized i n  t h e  i n t r o d u c t i o n ,  one cause  of  t i m e  v a r i a t i o n s  

i n  t h e  t a i l  o r i e n t a t i o n  i s  t h e  known v a r i a b i l i t y  i n  t h e  s o l a r  wind 

d i r e c t i o n .  A second p o s s i b l e  cause  of o r i e n t a t i o n  changes i s  t h a t  

d i s c u s s e d  by Wal t e r s  (1964) who i n v e s t i g a t e d  t h e  v a r i a t i o n  i n  t h e  

d i r e c t i o n  of plasma f low a c r o s s  t h e  e a r t h ' s  bow shock.  TJal ters  con- 

c luded  t h a t  t h e  d i r e c t i o n  of t h e  i n t e r p l a n e t a r y  f i e l d  i n f l u e n c e s  t h e  

d i r e c t i o n  of flow of t h e  shocked i n t e r p l a n e t a r y  plasma i n  t h e  
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magnetosheath.  T h i s  means t h a t  t h e  e f f e c t i v e  d i r e c t i o n  of t h e  s o l a r  

wind a s  seen  by t h e  magnetosphere and t a i l  i s  i n f l u e n c e d  by t h e  i n t e r -  

p l a n e t a r y  f i e l d  d i r e c t i o n .  The magnitude o f  t h i s  d e f l e c t i o n  depends 

on the  r a t i o  of d i r e c t e d  s o l a r  plasma energy t o  magnetic f i e l d  energy 

and i s  of t h e  o r d e r  of 4' f o r  t y p i c a l  s o l a r  wind pa rame te r s .  A one 

degree change i n  s o l a r  wind d i r e c t i o n  co r re sponds  t o  a 1 7  RE change 

i n  the  p o s i t i o n  of t h e  t a i l  a t  1000 RE. Rapid changes i n  f i e l d  

o r i e n t a t i o n  a r e  known t o  occur  and t h i s  could have an impor t an t  e f f e c t  

i n  producing r a p i d  v a r i a t i o n s  i n  the  t a i l  o r i e n t a t i o n .  

Some suppor t  f o r  W a l t e r ' s  idea may be o b t a i n e d  from F i g u r e s  2-5.  

The measurements o f  t h e s e  f i g u r e s  a r e  from a n e g a t i v e  i n t e r p l a n e t a r y  

s e c t o r  (Ness and Wilcox, 1965) where t h e  f i e l d  i s  p o i n t e d  g e n e r a l l y  

toward t h e  sun .  Only d u r i n g  t h e  i n t e r v a l s  1 1 : O O  - 14:OO on September 

26 and 12:OO - 15:OO on September 2 7  does t h e  f i e l d  d i r e c t i o n  va ry  

enough t o  range o u t s i d e  t h e  nega t ive  s e c t o r  r e g i o n  f o r  an a p p r e c i a b l e  

t ime i n t e r v a l .  During each  of t hese  time i n t e r v a l s  some of t he  

c l e a r e s t  o b s e r v a t i o n s  o f  t h e  t a i l  and a s s o c i a t e d  n e u t r a l  s h e e t  c r o s s i n g s  

were observed.  It can a l s o  be seen i n  t h e  f i g u r e  t h a t  most of t he  

t a i l  o b s e r v a t i o n s  correspond t o  p e r i o d s  of n e g a t i v e  i n t e r p l a n e t a r y  

8 a n g l e .  u s i n g  Walter's i n t e r p r e t a t i o n ,  a n e g a t i v e  0 a n g l e  i n  a nega t ive  

s e c t o r  w i l l  g ive  a northward component t o  the  e f f e c t i v e  s o l a r  wind 

d i r e c t i o n  and make o b s e r v a t i o n  of the t a i l  a t  t h e  northward p o s i t i o n  

of P ionee r  7 more l i k e l y .  

Ness e t  a l .  (1967) n o t i c e d  t h a t  t h e  Pioneer  7 t a i l  o b s e r v a t i o n s  

f r e q u e n t l y  occurred between 1 5 : O O  and 2 1 : O O  I J T  when p o s i t i o n  of t h e  

d i u r n a l l y  va ry ing  d i p o l e  would tend t o  r a i s e  t t i c .  t a i l  nl)ovta t h t s  e c l i p t i c  
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p lane  n e a r e r  t o  t h e  n o r t h e r l y  p o s i t i o n  of t h e  s p a c e c r a f t .  R e s u l t s  of 

t h e  f u r t h e r  a n a l y s i s  p r e s e n t e d  above,  however, r e v e a l  s e v e r a l  t a i l  

obse rva t ions  a t  o t h e r  t imes.  Thus i t  a p p e a r s  t h a t  while  t h e  d i p o l e  

p o s i t i o n  may e x e r t  some i n f l u e n c e  on t h e  p r o b a b i l i t y  of o b s e r v i n g  

t h e  t a i l  a t  P ionee r  7 ,  t h e  d i r e c t i o n  o f  plasma flow d i s c u s s e d  above 

i s  a more important  c o n s i d e r a t i o n .  

D i rec t  s imul t aneous  o b s e r v a t i o n s  of t h e  plasma flow d i r e c t i o n  

should y i e l d  a d d i t i o n a l  i n fo rma t ion  on t h e  t a i l  o r i e n t a t i o n .  F u r t h e r  

knowledge about  t h e  n e u t r a l  s h e e t  and p o s s i b l e  f i l a m e n t a r y  s t r u c t u r e  

o f  t h e  t a i l  a t  1000 RE w i l l  a l s o  be o b t a i n e d  by f u r t h e r  comparison 

o f  s imultaneous plasma and magnetic f i e l d  d a t a .  
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111. Summary 

Ana lys i s  of s imul taneous  magnetic f i e l d  measurements i n  

t h e  i n t e r p l a n e t a r y  medium i n  f r o n t  of t h e  e a r t h  and i n  t h e  

magnetosheath near  t h e  e a r t h - s u n - l i n e  60 t o  1000 RE behind t h e  

e a r t h  have r evea led  i n t e r e s t i n g  f e a t u r e s  of t h e  s o l a r  windand t h e  

geomagnetic t a i l .  Discontinuous magnetic f i e l d  f e a t u r e s  seen  

by Exp lo re r  28 i n  t h e  i n t e r p l a n e t a r y  medium a r e  g e n e r a l l y  

observed a t  P ionee r  7 from 3 t o  4% hours  l a t e r .  V e l o c i t i e s  

computed from t h e s e  d e l a y  t i m e s  ag ree  w i t h  v a l u e s  of s o l a r  wind 

v e l o c i t y  observed by t h e  Vela 3 s p a c e c r a f t  and suppor t  t h e  concept 

t h a t  magnetic f i e l d s  f rozen  i n  the s o l a r  wind a r e  convected p a s t  

t h e  two s p a c e c r a f t .  Comparison of t h e  cor responding  f i e l d s  

measured i n  i n t e r p l a n e t a r y  space and a t  1000 shows t h a t  t h e  

l a t t e r  magnetosheath f i e l d s  a r e  c o n s i s t e n t l y  lower t h a n  t h e  

und i s tu rbed  i n t e r p l a n e t a r y  va lues .  Th i s  r e s u l t  i s  i n  agreement 

w i t h  t h e  p r e d i c t i o n s  o f  t h e  t h e o r e t i c a l  magnetogasdynamic models 

of t h e  s o l a r  wind-geomagnetic f i e l d  i n t e r a c t i o n .  

On numerous occas ions  t h e  magnetic f i e l d  a t  1000 R 

assumed a s o l a r  o r  a n t i - s o l a r  d i r e c t i o n a l  o r i e n t a t i o n  which was 

E 

d i f f e r e n t  from t h a t  measured s imul taneous ly  i n  i n t e r p l a n e t a r y  

space .  F i e l d  magnitudes behind the  e a r t h  were t y p i c a l l y  s e v e r a l  

gammas l a r g e r  than t h e  a d j a c e n t  magnetosheath v a l u e s  and t h i s  

f a c t  c o n t r i b u t e d  t o  t h e  i n t e r p r e t a t i o n  of t h e  r e s u l t s  as o b s e r v a t i o n  

of t h e  geomagnetic t a i l .  Occasional 180 r e v e r s a l s  i n  the  t a i l  
C) 

f i e l d  d i r e c t i o n  a l s o  sugges t  t h a t  the  t a i l  n e u t r a l  s h e e t  i s  s t i l l  
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p r e s e n t  a t  1000 R . From t h e  f a c t s  t h a t  (1) t h e  i n t e r v a l s  of t a i l  

o b s e r v a t i q n s  were r e l a t i v e l y  s h o r t  ( t y p i c a l l y  15 minutes  t o  4 hours)  , 

( 2 )  t h e  i n t e r v a l s  were observed d u r i n g  a p e r i o d  of 6 days ,  and ( 3 )  

b o t h  no r the rn  and s o u t h e r n  h a l f s  of t h e  t a i l  were observed ,  i t  i s  

argued t h a t  t h e  geomagnetic t a i l  f r e q u e n t l y  changes i t s  o r i e n t a t i o n  

and sweeps a c r o s s  t h e  s p a c e c r a f t .  I t  i s  sugges ted  t h a t  t h e  t a i l  

o r i e n t a t i o n  i s  changed by bo th  r e a l  v a r i a t i o n s  i n  t h e  s o l a r  wind 

d i r e c t i o n  and e f f e c t i v e  changes i n  t h i s  d i r e c t i o n  caused by t h e  

magnet ic  f i e l d  d i r e c t i o n  a f f e c t i n g  t h e  flow through t h e  bow shock. 

An a l t e r n a t e  p o s s i b i l i t y  t h a t  t h e  t a i l  a t  1000 RE has  a f i l a m e n t a r y  

s t r u c t u r e  is  a l s o  sugges ted .  

E 
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Figure  Capt ions  

F i g u r e  1 T r a j e c t o r i e s  f o r  t h e  t h r e e  s a t e l l i t e s  Exp lo re r  28 ,  

Exp lo re r  3 3 ,  and Pioneer  7 a r e  shown p r o j e c t e d  i n  t h e  

s o l a r  e c l i p t i c  XY plane  ( t o p )  and XZ p l ane  (bot tom) 

f o r  t h e  f o u r  day i n t e r v a l  September 26-29, 1966. A 

t h e o r e t i c a l  magnetic t a i l  of d i ame te r  40 R 

shown a t  a 5O a b e r r a t i o n  ang le  f o r  comparison w i t h  

t h e  P i o n e e r  7 measurements a t  900-1000 behind t h e  

e a r t h .  

has been 
E 

F i g u r e  2 S imul taneous  magnetic f i e l d  measurements a t  t h e  s a t e l l i t e  

E x p l o r e r  33 ,  Pionee r  7 and Exp lo re r  28 a r e  shown. F i e l d  

magnitude F ,  s o l a r  e c l i p t i c  l a t i t u d e  a n g l e s  8 and 

l o n g i t u d e  a n g l e  @ a r e  grouped t o g e t h e r  and marked w i t h  

t h e  number of t h e  s a t e l l i t e .  The t i m e  s c a l e  i n  hours 

UT on September 26, 1966 co r re sponds  t o  t h e  Exp lo re r  28 

d a t a .  P i o n e e r  7 d a t a  has been s h i f t e d  4 hours and 15 

minutes  t o  t h e  l e f t  and Exp lo re r  33 d a t a  25 minutes t o  

t h e  l e f t  t o  make t h e  f i e l d  d i s c o n t i n u i t i e s  correspond 

a t  t h e  t h r e e  s p a c e c r a f t .  P e r i o d s  of  probable  t a i l  

o b s e r v a t i o n  a t  P ionee r  7 a r e  d e s i g n a t e d  by s o l i d  l i n e s  above 

t h e  8 t r a c e .  

S imul taneous  magnetic f i e l d  measurements on September 2 7 ,  

1966 a r e  shown i n  a format s i m i l a r  t o  F i g u r e  2 .  P ionee r  

7 d a t a  has been s h i f t e d  4 hours and 5 minutes  t o  the 

l e f t  and Exp lo re r  33 d a t a  25 minutes t o  the l e f t .  I n t e r v a l s  

of t a i l - a s s o c i a t e d  e f f e c t s  have been marked by s o l i d  

l i n e s  above t h e  P ioneer  7 t h e t a  t r a c e  between 1 O : O O  and 15:OO. 

F i g u r e  3 
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F i g u r e  4 Simultaneous magnet ic  f i e l d  measurements on September 28 ,  

1966 a r e  shown i n  a format s imi l a r  t o  F i g u r e  2 .  P i o n e e r  7 

d a t a  has been s h i f t e d  3 hours  and 15 minutes  t o  t h e  l e f t  

and Exp lo re r  33 d a t a  25 minutes t o  t h e  l e f t .  F i e l d s  a t  

the  t h r e e  s a t e l l i t e s  a g r e e  v e r y  w e l l  on t h i s  day and 

sugges t  t h a t  t a i l  e f f e c t s  were absen t  a t  P i o n e e r  7 .  

Exp lo re r  33 w a s  i n  t h e  t a i l  between 16:OO and 1 7 : O O .  

F igu re  5 Simultaneous magnet ic  f i e l d  measurement on September 2 9 ,  

1966 a r e  shown i n  a format s i m i l a r  t o  F i g u r e  2 .  P i o n e e r  

7 d a t a  has been s h i f t e d  3 hours t o  t h e  l e f t  and 

Exp lo re r  33 d a t a  25 minutes  t o  t h e  l e f t .  Four  i n t e r v a l s  

o f  t a i l  a s s o c i a t e d  e f f e c t s  a t  P i o n e e r  7 have been 

d e s i g n a t e d  by s o l i d  l i n e s  above t h e  0 v a l u e s  between 

1200 and 2400 hour s .  

F igu re  6 V e l o c i t i e s  a r e  shown which were computed from t h e  d e l a y  

t imes i n  t h e  a r r i v a l  of f i e l d  d i s c o n t i n u i t i e s  a t  t h e  

near  e a r t h  s p a c e c r a f t  and P ionee r  7 .  E x p l o r e r  28  - 

Pionee r  7 v e l o c i t i e s  a r e  d e s i g n a t e d  by s o l i d  c i r c l e s  

and Exp lo re r  33-Pioneer 7 v e l o c i t i e s  by open c i r c l e s .  

V e l o c i t i e s  from t h e  Vela 3 plasma experiment a r e  

i n d i c a t e d  by c r o s s e s .  A sudden commencement s to rm a t  

15:30 on September 27  i s  followed by a g r a d u a l  200 km/ 

s e c  i n c r e a s e  i n  t h e  v e l o c i t i e s  measured by t h e s e  

d i € f e r e n t  me t hod s . 
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